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Introduction 
In the field of endodontics, there have been different instruments of various 
shapes and designs to clean and shape the canal. For successful endodontic 
treatment it is necessary to maintain original root canal anatomy without any 
iatrogenic errors. The introduction of Nickel Titanium (NiTi) instruments in clinical 
endodontic practice has improved the mechanical preparation of root canal space 
avoiding problems associated with stainless steel instruments such as ledges, 
zipping, stripping, perforation and canal transportation.  
Aim and objective 
Aim:    To compare the cyclic fatigue resistance of FlexiCON files in rotating versus 
reciprocating motion. 
Objective: To compare the cyclic fatigue resistance of FlexiCON files in rotary 
versus reciprocating motion in coronal, middle and apical curvature of simulated 
artificial canal.   
Methodology 
 A total of 36 files, 25mm length of ISO size 25 at the tip, and taper of 0.06 
was used for the study and divided into two groups of 18 files each. In Group I, 
FlexiCON X1, was used in reciprocating motion and in Group II, FlexiCON X3 was 
used in continuous rotation. All files were checked free of defects or deformities, 
under a stereomicroscope at 20x magnification. Cyclic fatigue testing was conducted 
in a custom-made device that allowed for a reproducible simulation of an instrument 
confined in a curved canal.  
 Cyclic fatigue testing of endodontic files was done on tempered steel which 
was mounted on a framework made of iron and wood to which support for 
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handpiece was attached. The canal system, which comprised two adjustable stainless 
steel blocks had a 60° angle of curvature and 3 mm width; curvature starting at 
3mm,5mm  and 7mm from apex. Canal was lubricated using glycerin between each 
file to reduce friction. Using Xsmart plus motor, files was used in rotation (Protaper 
Next program (300rpm speed, torque 3 - 3.5) and reciprocative mode (Waveone 
program) (170CCW, 50 CW) and the time till fracture in seconds was recorded to 
evaluate cyclic fatigue resistance. 
Results 
FlexiCON X1 reciprocating files showed better cyclic fatigue resistance than 
FlexiCON X3 rotary files. FlexiCON X1 reciprocating files showed maximum 
cyclic fatigue resistance at coronal curvature followed by middle and apical 
curvature while FlexiCON X3 rotary files showed maximum cyclic fatigue at 
middle curvature followed by coronal and apical curvature. 
Conclusion 
FlexiCON X1 reciprocating files showed better cyclic fatigue resistance at 
coronal, middle and apical curvature compared to FlexiCON X3 rotary files. 
Clinical implication 
As the root canal curvature pose a significant challenge to clinical 
endodontic practice, this study helps us to realize that coronal curvatures can 
certainly be more challenging when attempting to instrument to the root apex, 
especially while using larger tapers and sizes. Moreover, reciprocating motion can 
provide several possibilities for movements and angles, each of which may inﬂuence 
the performance and failure resistance. 
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The success of endodontic treatment relies on shaping of the root canal system 
by eradicating bacterially contaminated dentin which will facilitate adequate chemical 
irrigants to disinfect the root canal system and create space for root canal filling.1 
Traditionally endodontic instruments were made from rectangular or 
triangular carbon steel wire blanks that were prone to corrosion. Hence corrosion 
resistant stainless steel alloy were introduced which had good cutting efficiency,but 
the modulus of elasticity of these files were higher making them less flexible.2 
Stainless steel files are used for initial canal negotiation, to establish an 
endodontic glidepath,to determine working length radiographically or using an 
apexlocator and to verify the patency.3 
In 1928, Hatton et al. reported that canals prepared with stainless steel 
instruments were only superficially cleaned and much of the pulp tissue were not 
removed.In 1975,Weineet al. reported instrumentation techniques with stainless 
steel instruments in curved canals,where the greatest amount of cutting occurred 
inside the curvature and apex that resulted in apical transportation which led to 
inadequate apical seal.4 
In large sizes and tapers,stainless steel rotary files lackflexibility when 
compared to nickel titanium files.Work hardened stainless steel files have more 
torsional strength and are able to maintain sharp edges for longer periods.Minor 
curvatures can cause excessive stresses on conventional stainless steel files resulting 
in transportation or file failure.To overcome this, balanced force technique has been 
proposed for cleaning which results in less apical transportation when compared to 
hand filing motion.The concept of balanced force technique introduced for manual 
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hand filing, can also be used for mechanized instrumentation.As hand instruments 
can push debris laterally into complexities of canal anatomy or even apically 
through foramen,benefit of mechanical rotation is its ability to collect and remove 
the debris from canal system. Continuous clockwise rotation will convey debris only 
in coronal directions from canal ramifications and apical foramen.5 
Since 1980s new era of endodontic instruments has been developed from 
nickel-titanium alloy that has improved the mechanical preparation of root canal 
space avoiding problems associated with stainless steel instrument such as 
ledges,zipping, stripping,perforation and root canal transportation.6,7 
 NiTi alloy was developed by the Naval Ordinance Laboratory (White Oak, 
MD, USA) (Buehler et al 1963.). It was named Nitinol; an acronym for nickel (Ni), 
titanium (Ti) and Naval Ordinance Laboratory (NOL). NiTi alloy used in endodontic 
instruments contain approximately 56 wt% nickel and 44 wt% titanium resulting in a 
nearly one-to-one atomic ratio (equia-tomic) (Thompson 2000). This equiatomic 
NiTi alloy can exist in two different temperature-dependent crystal structures named 
austenite (high-temperature or parent phase, with a cubic B2 crystal structure) and 
martensite phase (low-temperature phase, with a monoclinic B190 crystal structure) 
(Shen et al. 2013) and possesses typical characteristics which are superelasticity 
(SE) and shape memory effect (SME).8 
The significant advantage of NiTi alloy is its unique ability to negotiate 
curvatures during continuous rotation without undergoing the permanent plastic 
deformation, lower modulus of elasticity, preparations are rounder and centered in 
the canal with NiTi which helps to maintain the original root canal configuration.7 
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Superelasticity (SE) or pseudoelasticity is the complete recoverable elastic 
deformation up to 8% strain due to phase transformation between stable austenite and 
stress-induced martensite phase.Shape memory effect (SME) is the ability of 
deformed NiTi to recover its original shape when heated due to phase transformation 
of stable deformed martensite to stable austenite phase. These properties occur as a 
result of the austenite-to- martensite transformation, which can be induced by stress or 
temperature.As a super-elastic metal, the strain remains the same as the application of 
additional stress reaches a specific level forming what is termed as loading plateau 
during which the strain remains essentially constant as the stress is applied. Under 
certain conditions (e.g. ageing at temperatures around 400°C to cause the precipitation 
of Ti3Ni4 phase, substitution of a third element (iron, aluminium) or heat treatment 
after cold working to create rearranged dislocation structures), a rhombohedrally 
distorted phase (R-phase) may appear prior to the transformation to martensite 
(Miyazaki & Otsuka 1986). The R-phase transformation is established as a martensitic 
transformation itself that competes with the subsequent martensitic transformation 
(Otsuka &Ren 2005). The stress occurring during this cubic (austenite) to 
rhombohedral (R-phase), monoclinic (martensite) lattice transformation is released by 
twinning of the new phase structure (twinned R-phase or martensite). Martensite 
exhibits a lower elastic modulus (about 30–40 GPa) than austenite (about 80–90 GPa) 
(Ammon 2014), and the elastic modulus of the R-phase is even lower than that of 
martensite (Kuhn & Jordan 2002). 
If the temperature is above austenite finish temperature (Af), the alloy is in 
austenitic state, that is, it is stiff, hard and possesses superior superelastic properties 
(Zhou et al. 2013). If the temperature is below martensite finish temperature (Mf), 
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the NiTi alloy is in martensitic state, that is, it is soft, ductile, can easily be deformed 
and possesses the shape memory effect (Zhou et al. 2013). Because of the 
reorientation capacity of the twinned phase structure, martensite has a superior 
cyclic fatigue resistance compared with austenite.8 
The main difference between thermomechanically treated and conventional 
NiTi alloy is modified phase composition due to change in transformation 
temperatures. Conventional NiTi alloy contains austenite (Thompson 
2000),whereasthermomechanically treated NiTi alloy additionally contains varying 
amount of R-phase and martensite under clinical conditions (Shenet al. 2011a, 
Pereira et al. 2012, Iaconoet al. 2017). These modifications are supposed to lead to 
more ﬂexible endodontic instruments with an advanced resistance to fracture.8 
Proprietary thermomechanical processing procedure has been developed 
with the goal of producing superelastic NiTi wire blanks termed as M wire. M wire 
technology allows NiTi instruments more flexibility and resistance to cyclic fatigue. 
M-Wire contains austenite phase with minimal amounts of martensite and R-phase 
at body temperature (Alapatiet al. 2009, Pereira et al. 2012, Ye &Gao2012). Hence, 
M-Wire maintains its superelastic state.9,10 
In recent times annealed heat treated nickel titanium alloy named Fire wire 
has been introduced with increased resistance to cyclic fatigue and torque 
strength.Despite the increasing use of NiTi rotary system, the cost, possibility of 
cross contamination and unexpected separation by fatigue after extended clinical 
lifespan are notable disadvantages.11 
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Sattapanet al. identified two modes of fracture for a rotary NiTi files. 
Torsional fatigue and Cyclic fatigue One cause of fracture is accompanied by an 
apparent deformation of a file and the separation occurs as a result of slippage 
between the planes of its crystalline boundaries,mainly due to the excessive forces 
of torsion.8 
Another fracture may take place across the grain of the metal with little or no 
apparent deformation. This type of fracture can be seen as a result of fatigue most 
often caused from the excessive stresses of the repetitive compression and tension 
that occurs during rotation of a file around a curvature. On the inside of the 
curvature of a canal, a rotating file is compressed. On the outside of the curvature, 
the file undergoes tension.This is the cause of cyclic fatigue.5 
According toPeters &Barbakow,torsional fatigue occurs when the tip of the 
instrument binds in the root canal while the file continues to rotate. .Small tapered 
instruments distribute the stress over more length of file whereas larger taper file 
focus more stress closer to tip.7 
Durability of endodontic files depends on several other factors like rotations 
per minute,instrument motion, thermomechanical treatment of alloy,thickness and 
taper of the instrument,high working temperature caused by absence of lubricant, 
use of oxidizing chemicals,canal diameter and curvature,sterilization cycles and 
instrumentation techniques used.12 
The strength of a file is due to the cohesive forces between atoms. As forces 
that tend to deform a file are increasingly applied, the forces of separation increases 
and their attractions decreases. Breakage occurs when the force of separation of the 
atoms exceeds the force of attraction.5 
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There are several factors that can affect cyclic fatigue resistance of a file. 
These are: the radius of curvature, angle of curvature of the canal, the length of the 
arc,the diameter of the instrument and the design of the instrument.9 
Coronal curvatures can certainly be more challenging when attempting to 
instrument to the root apex, especially while using larger tapers and sizes.5The point 
of maximum curvature chosen for most cyclic fatigue studies was in between 5 and 
7 mm from the tip of the instrument. Clinically, this can be classified as a curvature 
in the middle-third of the root canal. Abrupt apical curvatures may be frequently 
encountered and they may not be evident in two dimensional radiographs.NiTi 
rotary instruments must be so ﬂexible so as to enable the clinician to use them safely 
even in those unexpected apical abrupt curvatures.13 
Most of the file systems that are available are used to shape canals by 
rotating via a continuous rotational movement with a mechanical hand piece. 
Continuously rotating active files have an advantage that they have a greater 
efficiency in smaller diameter and more curved canals, but this must be balanced 
with the potential risks associated with torque and cyclic fatigue failures.9 
Reciprocating movement NiTi instruments have been developed with an 
advantage of increasing performance and safety. Reciprocating motion can provide 
several possibilities for movements and angles, each of which may influence 
performance and failure resistance. The lower stress induced by reciprocating 
motion enables the endodontist to use a single NiTi instrument to prepare the entire 
root canal system.7 
If the instrument becomes stuck in the dentin or root canal filling material 
the motor switches its movement to reciprocation movement due to increased 
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stress.The reciprocating motion is based on a counterclockwise (CCW) motion 
(cutting direction) and a clockwise (CW) motion (release of the instrument). The 
values of CCW and CW rotations are different. A large rotating angle in the cutting 
direction (CCW) allows the instrument to advance in the canal and engage the 
dentin to cut it. A smaller angle in the opposite direction (CW) allows the instrument 
to be immediately disengaged and safely progress along the canal path, thus 
reducing the tendency of“screwing in” and fractures.14 
FlexiCON files X3 (Johnson city, Tennesse ,USA ) made of an annealed heat 
treated NiTi alloy brand name Fire wire , compatible with Protaper and Protaper 
Next rotary file system and FlexiCON X1 with Waveone reciprocating motor  
(170CCW,50 CW) with speed (300rpm) and torque (3-3.5N/cm) were used in this 
study. FlexiCON files X3 and X1 is reported to have high cyclic fatigue, minimal 
breakage inside the tooth and greater cutting efficiency.15 
The above mentioned parameters suggests that reciprocating motion have 
extended cyclic fatigue resistance when compared to rotary motion. Fatigue at 
coronal curvature may be due to defects such as pits, metal strips, longitudinal 
scratches, and milling grooves have been found to be greater near the handle of the 
instrument than near the tip, which can be improved by thermomechanically heat 
treated files. 16 
As the root canal curvaturepose a significant challenge to clinical endodontic 
practice, aim of this study is to compare the cyclic fatigue resistance of FlexiCON 
files in rotary versus reciprocating motion in coronal, middle and apical curvature of 
the root canal. The study hypothesis was that reciprocating files would show more 
cyclic fatigue resistance than rotary files. 
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AIM: 
To compare the cyclic fatigue resistance of FlexiCON files in rotating versus 
reciprocating motion. 
OBJECTIVE:  
1. To determine the cyclic fatigue resistance of FlexiCON files in rotating and 
reciprocating motion  
2. To compare the cyclic fatigue resistance of FlexiCON files in coronal, 
middle and apical curvature of simulated artificial canal  
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Plotino et al. 200717 evaluated the cyclic fatigue resistance of M two NiTi 
rotary instruments when used with a brushing or no‑brushing action in oval root 
canals. Fatigue life of instruments of larger size can be reduced by using them with a 
lateral brushing or pressing movement. However, each file was successfully 
operated without intracanal failure, demonstrating that M two rotary instruments can 
be used safely in a brushing action in simulated clinical conditions up to 10 times in 
oval canals. 
Ounsi H et al. 200718 examined the resistance of Protaper nickel-titanium 
rotary instruments to cyclic fatigue after their initial use in straight or curved canals 
in vivo. These instruments are rotated freely inside a steel phantom until separation. 
The number of rotations before failure and the length of the separated fragments 
were compared with data derived from new instruments under the same 
experimental setup. With the exception of F1 and F3, instruments that were 
previously used in curved canals were more susceptible to cyclic fatigue than those 
previously used in straight canals. Separation occurred mostly at the d10 to d12 
level. Protaper F3 instruments are highly susceptible to cyclic fatigue failure and 
should be reused with caution irrespective of whether they are initially used for 
shaping straight or curved canals. 
Kramkowski et al. 200919 compared the torsional stress and cyclic 
fatigue characteristics of Profile GT and Profile GT series X. Files of 0.04 and 
0.06 taper, 25 mm in length, and ISO sizes of 20 and 30 tips were compared. 
Torque stress resistance was calculated by measuring the torque in gram-
centimeters (g-cm) and angle of deflection (degrees of rotation) required for 
instrument separation with use of a torsiometer instrument. Cyclic fatigue was 
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determined by recording the time until breakage of a file rotating in a simulated 
canal with an applied 45 ºor 60º curves. The files were operated in a cyclic 
fatigue model that simulated clinical rotary file usage with a constant cyclical 
axial motion. There was no statistical difference when comparing the torque (g-
cm) required to induce a torsional failure of Profile GT and Profile GT series X 
files of identical file sizes. The angle of deflection (degrees of rotation) of Profile 
GT was significantly greater before separation than Profile GT series X for all 
file sizes tested except 20/0.04. There was no statistical difference in cyclic 
fatigue failure for Profile GT and Profile GT series X in a canal with a curvature 
of 45º. In the 60º canal curvature, ProFile GT was found to be significantly more 
resistant (p=0.005) to fracture because of cyclic fatigue than ProFile GT Series X 
for file size 30/.06 and significant (p#0.001) for files sizes 20/.06 and 30/.04. 
There was no difference in cyclic fatigue resistance in the 60º canal for Profile 
GT and Profile GT series X for file size 20/.04 
Plotino et al. 201020 evaluated the cyclic fatigue resistance of five Niti 
rotary systems in an abrupt apical curvature. Ten Protaper universal F2,  
Flexmaster tip size 25, taper 0.06; M two tip size 25, taper 0.06; Profile tip size 
25, taper 0.06 from Dentsply Maillefer and Profile tip size 25, taper 0.06 from 
Dentsply Tulsa. Lifespan registered for the instruments tested in an apical abrupt 
curvature was M two> Profile from maillefer> Profile from tulsa> Flexmaster> 
Protaper. 
You et al. 201021 examined the lifespan of one nickel-titanium (NiTi) rotary 
file when used in reciprocating motion and to compare the time required for its 
preparation of a curved root canal using reciprocating and continuous motion. He 
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concluded that one F2 file can be safely used to the working length of curved canals 
at least six times under reciprocating motion. Reciprocating preparation with F2 file 
was much faster than root canal instrumentation with continuous rotation. 
Lopes et al. 201022 evaluated the effects of curvature location along an 
artificial canal on cyclic fatigue of an M two rotary instrument, verifying the number 
of cycles to fatigue fracture (NCF) and morphologic characteristics of the fractured 
instruments. He concluded that the number of cycles to fracture of the M two 
instruments increased when the arc was changed from the middle to the apical part 
of the canal. The morphological characteristics of the fractured surfaces were of the 
ductile type. 
Wu et al. 201123, identified the influential factors responsible for clinical 
instrument separation of reused Protaper universal rotary instruments (Dentsply 
Maillefer, Switzerland). Six thousand one hundred fifty-four root canals in 2,654 
teeth were prepared using Protaper Universal files in endodontic clinics. 
Separation incidence was determined based on the number of treated teeth or 
canals. Data were collected including the size of fractured instrument, length and 
location of a broken segment within the root canal, and the curvature of canal. The 
chi-square test and independent samples t-test were used to determine the 
statistical significance. Separation incidence according to the canal number is more 
reliable than that according to the number of teeth because of the variable canal 
number in different teeth. He concluded that the tooth type, rotary file size, canal 
location, and anatomy were correlated with the instrument separation of reused 
Protaper universal files. 
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Gavini G et al. 201224, evaluated the resistance to cyclic ﬂexural fatigue of 
Reciproc R25 files used in continuous rotation or reciprocating motion, employing a 
dynamic assay device operated at 300 rpm to produce a pecking motion to simulate 
a clinical testing condition in a curved root canal with 40° angle and 5 mm radius of 
curvature. The reciprocating motion improved the ﬂexural fatigue resistance of the 
Reciproc R25 file, compared to continuous rotation. 
Plotino G et al. 201225, evaluated the cyclic fatigue resistance of Reciproc 
and Waveone instruments in simulated root canals. Reciproc instruments resisted 
cyclic fatigue significantly more than Waveone instruments. These differences could 
be related to the different cross-sectional design and/or the different reciprocating 
movement of the two instruments. 
Kim HC et al. 201226, compared the Protaper F2 in its recommended 
continuous rotation mode with the Reciproc and Waveone reciprocating files, which 
were also operated using the recommended motions, both tested under a custom-
made static device. The results showed that the NCF (number of cycles to fracture) 
of the Reciproc was higher than those of the other files, and both reciprocating files 
demonstrated significantly higher cyclic fatigue resistance than the Protaper F2 file. 
On basis of the results, Kim et al concluded that Reciproc might be more suited for 
preparing canals with more abrupt curvature because of good fatigue resistance and 
Waveone for constricted canals that might induce higher torsional stresses. 
Gambarini et al. 201227 evaluated cyclic fatigue fracture resistance of 
engine-driven nickel titanium (K3XF) instruments under reciprocating movement in 
various angles. Various angles in reciprocating movements had a significant 
influence on the cyclic fatigue life of the tested nickel-titanium instruments. 
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Setzer et al. 201328, determined possible differences in the fracture point of 
rotary nickel-titanium instruments depending on the application of cyclic fatigue 
(CO) only or in combination with torsional stress (CT). All fractures remained 
within area of the curvature, but with the addition of a torsional load, the location of 
the fracture moved in the direction of the additionally applied torsional stress. This 
suggested that stress was distributed from the area in which the torsional load was 
applied towards the area undergoing cyclic fatigue. 
Khurana et al. 201329, evaluated the effect of rotational speed and angle of 
curvature in curved root canals on the fracture of different nickel-titanium rotary 
instruments that is Profiles, Protaper, and K3 files. Freshly extracted 180 human 
maxillary and mandibular molars were selected and divided into two groups of 90. 
Each group was divided into three sub groups A, B, and C. According to angle of 
curvature, group 1 < 30° and group 11 > 30°, which was measured by Schneider's 
method. Instrumentation was performed using the Profile, Protaper, and K3 rotary 
instrument at 3 rotational speeds of 150, 250, and 350 rpm (10 molars at each 
rotational speed). He concluded instrument fracture was associated with rotational 
speed and the angle of curvature. 
Pedulla E et al. 201330 compared the fatigue resistances of two size 25, 0.06 
taper files designed to operate in reciprocating motion, Reciproc and Waveone, in 
their respective ‘Reciproc ALL’ and ‘Waveone ALL’ modes, as well as the size 25, 
0.08 taper M two and Twisted Files, operated in their intended continuous rotation 
modes. All tests were performed using the same artificial canal with 60° curvature 
and 5 mm radius, with simulation of the size and taper of the instruments to 
reproduce the same overall conditions in a static movement custom-made device. 
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The use of reciprocating motion increased the cyclic fatigue resistance, and no 
difference was observed between the two reciprocating modes. 
Kiefner et al. 201331compared cyclic fatigue resistance of two geometrically 
similar nickel–titanium instruments, used in conditions similar to clinical use in 
reciprocating and continuous rotary motion. Four groups of eighteen instruments 
each, Reciproc files sizes ISO 25 and 40 (R25 and R40) and Mtwo files sizes ISO 25 
and 40, were tested in reciprocating and continuous rotary motion, employing a 
novel experiment device. An artificial root canal of diameter 1.4 mm, angle of 
curvature 60° and curvature of radius 5 mm was milled into a stainless steel block. 
In order to simulate clinical conditions, instead of rotating the file in static position, 
the set‑up was designed to produce a continuous up‑and‑down pecking motion along 
the vertical axis of the instrument. Time to fracture and push-pull cycles were 
recorded, the number of cycles to fracture (NCF) was determined, and fractured 
instrument surfaces were examined under a scanning electron microscope (SEM). 
Reciprocating movement showed increased cyclic fatigue resistance of NiTi 
instruments. 
Lopes et al. 201332 evaluated the influence of different features of canal 
curvature geometry on the number of cycles to fracture of a rotary nickel-titanium 
endodontic instrument subjected to a cyclic fatigue test. He concluded that curvature 
geometry including the radius and arc lengths and the position of the arc along the 
root canal influence the number of cycles to fracture of rotary nickel-titanium 
instruments when subjected to flexural load 
Dagna A et al. 201433, compared the cyclic fatigue resistances of several 
NiTi instruments designed to operate in reciprocating mode (Oneshape, Reciproc25 
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and Waveone primary) and the Protaper F2, which was designed to operate under 
continuous rotation. The instruments were tested in curved artificial canals with 
different angles and radii of curvature (60°/8 mm, 45°/8 mm, 60°/5 mm and 45°/5 
mm) in a static motion device. The results showed that the reciprocating instruments 
were more resistant to fatigue than the traditional continuous rotation instrument 
used in this study. 
Vadhana S et al. 201411, evaluated the cyclic fatigue resistance of Race and 
M two rotary files in continuous rotation and reciprocating motion. M two and Race 
rotary instruments showed a significantly higher cyclic fatigue resistance in 
reciprocating motion compared with continuous rotation. 
Nguyen et al. 201434 compared the fracture resistance to cyclic fatigue of 
Protaper next, Protaper universal, and Vortex Blue rotary instruments. He concluded 
that VB 20/04-45/04 were more resistant to cyclic fatigue than PTN X2-5 and PTU 
S2-F5. PTN X1and X2 were more resistant to cyclic fatigue than PTU F2-F5. 
Perez-Higueras et al. 201435 compared CF resistance of Protaper universal 
(PTU) and Protaper next (PTN) instruments at different points of curvature. PTU S1 
was significantly the most resistant instrument at 5 mm from the tip. PTN files were 
significantly more resistant to CF than PTU instruments at all the other tested levels. 
Da Frota FM et al. 201436 compared the cyclic fatigue and torsional 
resistance of reciprocating single-file systems and continuous rotary instrumentation 
systems in simulated root canals. Eighty instruments from the Protaper universal, 
Waveone, M two, and Reciproc systems, were submitted to dynamic bending testing 
in stainless-steel simulated curved canals. Axial displacement of the simulated 
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canals was performed with half of the instruments, with back-and forth movements 
in a range of 1.5 mm. Time until fracture was recorded, and the number of cycles to 
fracture was calculated using the formula. Cyclic fatigue resistance was greater for 
reciprocating systems than for rotary systems. Instruments from the Reciproc and 
Waveone systems significantly differed only when axial displacement occurred. 
instruments of the Protaper universal and M two systems did not significantly differ 
.Cyclic fatigue and torsional resistance were greater for reciprocating systems than 
for continuous rotary systems, irrespective of axial displacement. 
De-deus et al.  2014 38 evaluate the bending resistance and the dynamic and 
static cyclic fatigue life of Reciproc R40 and Waveone large instruments. Reciproc 
R40 and Waveone large files, both of which had a normal size of 0.40 mm at d0, 
were selected. The bending resistance was done in 10 instruments of each system by 
using a universal testing machine. Static and dynamic models for cyclic fatigue 
testing were performed by using a custom-made device for these tests, an artificial 
canal measuring 1.4 mm in diameter and 19 mm total length was made from a 
stainless steel tube. Scanning electron microscopic analysis was done to determine 
the mode of fracture. Statistical analysis was performed by using parametric 
methods. ANOVA and Post hoc pair-wise comparisons were performed by using 
Tukey test for multiple comparisons. Reciproc R40 instruments could resist dynamic 
and static cyclic fatigue significantly more than Waveone large instruments. 
Furthermore, Waveone instruments presented significantly lesser flexibility than 
Reciproc. 
Reddy et al. 201438 compared the cyclic rotations needed to fracture three 
different rotary nickel titanium endodontic instruments namely Profile, K3 Endo, 
Review of Literature 
 
    17 
 
Race in simulated curved canals having 2 different radii of curvature i.e., 5mm 
&10mm with a constant angle of curvature of 45º. Profile showed maximum number 
of cycles to failure i.e., low incidence of fracture at both the radii of curvatures when 
compared to the other two groups 
Elnagy AM et al. 201439compared the cyclic fatigue resistance of Protaper 
Next Files (PTN) with Twisted files (TF), Hyflex CM (HF) and Protaper universal 
(PTU). Twisted files had a significantly higher resistance to cyclic fatigue than the 
other instruments. No significant difference was found in NCF between PTN and 
HF. However, there was a significant difference of both these systems with PT, 
which exhibited the lowest mean NCF. The ranking in the NCF values was: 
TF > PTN > HF > PT. The fracture cross-sections of all brands revealed similar 
fractographic features, including crack origins, fatigue zone and an overload fast 
fracture zone. He concluded that the new Protaper Next had greater resistance to 
cyclic fatigue when compared with Protaper and HyflexCM, but not  twisted files. 
Uygun et al. 201540 compared the cyclic fatigue resistance of Protaper gold 
(PTG), Protaper next (PTN) and Protaper universal (PTU) instruments at different 
levels. He concluded that the PTG instrument was most resistant at 5 and 8 mm from 
the tip; however, at 8 mm, there was no difference between the PTG and PTN 
instruments. The PTU files had the least CF resistance at all levels. 
Arslan H et al. 201541, investigated the cyclic fatigue resistance of Reciproc 
instruments used with different kinematics whether in reciprocating motion (150° 
counter clockwise (CCW)-30° clockwise (CW), 270° CCW-30°CW, 360° CCW-30° 
CW) or in continuous rotation using a static testing set-up. All reciprocating motions 
resulted in a longer mean duration to failure compared to continuous rotation. 
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Capar et al. 2015 42, compared the cyclic fatigue resistance of current 
nickel-titanium rotary path-finding instruments. Five types of nickel-titanium rotary 
path finding instruments were used in steel canals with a 90° curvature and a 
curvature radius of 3 mm and 5 mm. The cyclic fatigue of the following instruments 
was tested at 4 mm from the tip: Pathfile (#16 and a 0.02 taper;), G-file (#12 and a 
0.03 taper), Scout race (#15 and a 0.02 taper), Hyflex GPF (#15 and a 0.02 taper), 
and Proglider (#16 with a mean taper of 0.04 and a 0.02 at the first 4 mm from the 
tip). The length of the fractured segment was measured, and the number of cycles to 
fracture (NCF) was calculated. The data were statistically evaluated using Kruskal-
Wallis and Mann-Whitney tests. The cyclic fatigue resistance of the Hyflex GPF 
instrument was the maximum, and the curvature radius had a significant effect on 
the fatigue resistance 
Ghattas MS et al. 20159, compared the cyclic fatigue resistance of one 
reciprocating and two rotary endodontic file designs. The K3XF files had a 
statistically significantly longer mean time to failure when compared to the 
Waveone and Hyflex CM. 
Neelakantan et al. 20151 compared the cyclic fatigue of a rotary(one shape) 
and reciprocating (Reciproc) single file system in a simulated s-shaped canal in 
static and dynamic models. He concluded that the single file reciprocating system 
(Reciproc) had a longer fatigue life than the single file rotary system (one shape). 
Bagherian M et al. 201543 compared and evaluated defect and fracture in 
rotary and Reciproc files in severe curved root canals. In rotary group, seven and 
two files were fractured and defected, respectively and four files were fractured and 
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no defect was observed in Reciproc group. Although the mean of the number of 
prepared canals until fracture or defect in rotary and Reciproc groups was 3.3 and 
7.06, respectively, there were no significant differences between two systems. All 
file’s fractures occurred in apical regions. The results obtained showed that there 
was no significant difference in defects or fractures of rotary and Reciproc systems. 
Reciproc instruments may be more effective than rotary ones because the root canal 
preparation in rotary instruments is longer than in Reciproc system. 
Peng c et al. 201544, compared the cyclic resistance of Protaper universal 
(size 25/08) and Protaper Next (size 25/06) instruments in artificial canals with 
different curvatures. A total of 30 Protaper universal and 30 Protaper Next 
instruments were divided into 6 groups and were operated into artificial canals with 
3 different angles of curvature (45°, 60°, 90°). The canal length was kept constant in 
this study. The number of cycles to failure (NCF) was counted until file fracture 
occurred, at which point, the length of the fragment was measured. The data were 
analyzed statistically using ANOVA complemented by the Tukey test (p<0.05). 
Cross sections of the fractured files were examined under an electron microscope. In 
the fatigue test, the Protaper next displayed more resistance in 45° and 60° canals, 
whereas Protaper universal exhibited a better operability in 90° canals. The average 
length of the fractured fragments from Protaper next was significantly shorter than 
that from Protaper universal in 90° canals. The surface cross sections of the 
fractured segment became flatter when the curvature angles decreased from 90° to 
45°. Protaper next was more reliable when shaping in curved canals, whereas 
Protaper universal was more suitable for the preparation of root canals with severe 
curvatures. 
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Scattina A et al. 201545 predicted NCF and failure location of NiTi rotary 
instruments by FEM virtual simulation of an experimental non static fatigue test. 
Finite element method (FEM) has been suggested as a method to analyze stress 
distribution in nickel-titanium (NiTi) rotary instruments but has not been assessed as 
a method of predicting the number of cycles to failure (NCF). He concluded file 
NCF and failure location may be predicted by finite element analysis(FEA). Virtual 
design, testing, and analysis of file geometries can save considerable time and 
resources during instrument development. 
Elsaka et al. 201546 compared the cyclic fatigue resistance of Oneshape 
(OS) instrument which used continuous rotation with Waveone (WO) instrument 
which used reciprocating motion. OS size 25, 0.06 taper and WO primary size 25, 
0.08 taper were used in simulated canals with 45°, 60°, and 90° angles of curvature 
until fracture. The number of cycles to fracture (NCF) was recorded to evaluate 
cyclic fatigue resistance. Data were statistically analyzed using two-way ANOVA 
and Tukey’s HSD test. Weibull analysis was performed on NCF data. WO had a 
significantly higher NCF than OS for all angles of curvature (p<0.05). According to 
Weibull distribution, WO instrument was predicted to have a higher number of 
cycles to survive than OS instrument. WO instrument which used the reciprocating 
motion had a greater resistance to cyclic fatigue than OS which used continuous 
rotation movement. 
Higuera et al. 201547evaluated fatigue resistance of 3 different NiTi 
reciprocating instruments. Fatigue resistance of Reciproc and TFA was significantly 
higher than Waveone. The results showed no statistical difference between TF 
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adaptive and Reciproc. SEM analysis showed characteristics of ductile fracture due 
to metal fatigue. 
Kaval et al. 201648 to evaluated the cyclic fatigue and torsional resistance of 
Hyflex EDM, Protaper Gold (PTG), and Protaper Universal (PTU) instruments. He 
evaluated the cyclic fatigue and torsional resistance of Hyflex EDM, Protaper Gold 
(PTG), and Protaper Universal (PTU) instruments. Hyflex EDM instruments 
exhibited the highest cyclic fatigue resistance and were followed by PTG and PTU 
groups, respectively. The mean fragment length for PTU instruments was 
significantly shorter than that for Hyflex EDM and PTG instruments. PTG 
instruments demonstrated significantly higher torsional resistance than Hyflex EDM 
files (p = 0.025), and the distortion angle of the instruments ranged as follows: 
PTU < PTG < Hyflex EDM files. Hyflex EDM files demonstrated significantly 
higher cyclic fatigue resistance. Although PTG and PTU have similar cross-
sectional design, PTG instruments presented higher cyclic fatigue and torsional 
resistance than PTU instruments. The enhanced alloy properties of PTG might be 
considered as the main reason for those differences. 
 SW Chang et al. 201649 compare the cyclic fatigue resistance, torsional 
resistance, and metallurgical characteristics of conventional NiTi wire (v taper 2, v2) 
and cm wire (v taper 2h, v2h)-based files. Cyclic fatigue and torsional resistance of 
v2 and v2h were investigated by measuring the number of cycles to fracture, 
maximum torque at fracture, and maximum angle at fracture. The typical patterns of 
fatigue and torsional fractures were investigated using a scanning electron 
microscope (SEM). The metallurgical characteristics were investigated by 
differential scanning calorimetry (DSC) from -100˚c to 100˚c. The austenite 
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finishing temperature (AF) of each instrument was also measured. The 
microstructures of the instruments were investigated by a transmission electron 
microscope (TEM) along with selected area diffraction pattern analysis. The results 
were statistically analyzed by Mann-Whitney U-test (p¼0.05). V2h showed 
significantly higher cyclic fatigue resistance and torsional resistance than V2. SEM 
images of the fractured surfaces showed typical patterns of fatigue and torsional 
fracture. The DSC analysis of v2 showed one small peak in both the heating and 
cooling curves. The AF of v2 was - 0.32˚c. V2H showed two remarkable peaks in 
the heating curve and one remarkable peak in the cooling curve. The AF of V2H 
was 33.25˚c. The tem analysis showed that both v2 and v2h are mainly composed of 
austenite. They concluded that, v2h showed higher cyclic fatigue resistance and 
torsional resistance than v2. The superior properties of v2h could be attributed to the 
annealing effect and possibly the martensite phase. 
Al-sudani et al. 201650 compared the fatigue resistance of Pathfile (PF) and 
Proglider (PG) NiTi (nickel-titanium) rotary files in a double (s-shaped) curvature 
artificial root canal. There was no difference in cyclic fatigue resistance between the 
PF and the PG in the apical curvature (p>0.05). However, in the coronal curvature 
the NCF value was significantly higher for the PG than for the PF (p<0.05). The 
NCF values were significantly lower (p<0.05) in the apical curvature of the artificial 
canal than in the coronal curvature for both instruments. No differences in the length 
of the fractured fragments were found (p>0.05). He concluded that the instruments 
were found to be less resistant to cyclic fatigue in the apical curvature of the 
artificial canal than in the coronal curvature. PG instrument showed significantly 
greater cyclic fatigue resistance in the coronal curvature 
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Chakmakchi M et al. 201610 evaluated the flexural fatigue resistance of 
Waveone primary and Protaper Next X2 NiTi files used in reciprocating and rotation 
motions. The reciprocal motions showed significantly increased cyclic fatigue 
resistance of the file tested compared with continuous rotation independently from 
their cross section. No differences were found between the lengths of the fractured 
segment in the two tested files. 
Uygun et al. 201651 compared the cyclic fatigue resistance of Protaper Gold 
(PTG, Dentsply tulsa USA), Protaper Next (PTN, Dentsply tulsa dental specialities) 
and Protaper Universal (PTU, Dentsply tulsa dental specialities) instruments at 
different levels.  Significant differences were found amongst the instruments 5 mm 
from the tip (p<0.01). The PTG files had the highest CF resistance, and the PTN 
files displayed greater CF resistance than the PTU files. No significant differences 
were found between the PTG and PTN files 8 mm from the tip (p>0.01). The PTG 
and PTN files demonstrated greater CF resistance than the PTU files. He concluded 
that the PTG instruments were the most resistant 5 and 8 mm from the tip. However, 
at 8 mm, there was no difference between the PTG and PTN instruments. The PTU 
files had the least CF resistance at all levels. 
Almeida-Gomes et al. 201652 compared the cyclic fatigue resistance of nine 
types of endodontic instruments of nickel-titanium. Five files of 25 mm of length of 
each group: Reciproc (RC) R25; Waveone(WO) primary; Unicone (UC) L25 
25/0.06; K3XF 25/0.06; Protaper Universal F2 (PTF2); Protaper Next X2 (PTX2); 
M two 25/0.06; Biorace 25/0.06; One Shape L25 25/0.06 were subjected to a cyclic 
fatigue resistance test on a mechanical apparatus. The mean time to fracture was 
analyzed statistically by one-way analysis of variance and Tukey's honestly significant 
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difference test, with significance set at p<0.05. It was observed that the groups PTX2, 
RC, R25, UC l25 25/0.06, and WO primary presented greater cyclic fracture 
resistance than the other groups it was observed that the groups PTX2, RC, R25, UC 
l25 25/0.06, and WO primary presented greater cyclic fracture resistance than the 
other groups. 
Varghese NO et al.  201653 evaluated the resistance to torsional fatigue and 
cyclic fatigue resistance of Protaper Next, Waveone and M two files in continuous 
and reciprocating motion. Operative files in reciprocating motion enhance the cyclic 
fatigue resistance. Waveone files showed maximum resistance to cyclic fatigue and 
torsional failure due to cross sectional diameter coupled M wire technology  
Silva et al. 201654 evaluated the bending resistance and cyclic fatigue life of 
a new single-file reciprocating instrument Unicone, Reciproc (VDW, Munich, 
Germany) and Waveone (Dentsplymaillefer) instruments were used as references for 
comparison. Flexibility was evaluated by 45° bending tests using a universal testing 
machine. The cyclic fatigue test was done using a custom-made device. For this test, 
an artificial canal with a 60° angle of curvature and a 5-mm radius of curvature was 
used. Scanning electron microscopic analysis was done to determine the mode of 
fracture and possible deformations at the helical shaft. The new reciprocating 
instrument Unicone showed lesser cyclic fatigue resistance compared with Reciproc 
R25 and Waveone primary files. 
Topuolu  et al. 2016 55compared the resistance to cyclic fatigue of Protaper 
next X2 (PTN X2; size 25, 0.06 taper), Hyflex Cm (HCM; size 25, 0.06 taper), 
Oneshape (OS; size 25, 0.06 taper), and Protaper universal F2 (PTU F2; size 25, 
0.08 taper) nickel-titanium files in an artificial root canal with a double (s-shaped) 
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curvature. This study showed that PTN X2 and HCM instruments exhibit maximum 
resistance to cyclic fatigue than OS and PTU F2 instruments in the apical curvature 
of an artificial canal with a double curvature. 
 Acosta et al. 201756 evaluated the influence of cyclic deformation on the 
torsional resistance of controlled memory (CM) nickel-titanium files in comparison with 
Superelastic (SE) instruments with similar geometric and dimensional characteristics. 
The fatigue resistance of new CM instruments was higher than conventional NiTi files. 
After fatiguing to 3/4 of their fatigue lives, the torsional resistance of conventional files 
was the same and CM files decreased their torsional resistance. 
Yılmaz et al. 201757 compared the cyclic fatigue resistances of Proglider 
(PG), One G (OG), and Hyflex EDM (HEDM) nickel titanium glide path files in 
single- and double-curved artificial canals. He concluded that HEDM glide path files 
were found to have the highest cyclic fatigue resistance in both of single-and 
double-curved canals. 
Keskin et al. 201758 compare the cyclic fatigue resistance of Reciproc blue 
R25 (VDW, Munich, Germany) with Reciproc R25 (VDW) and Waveone Gold 
Primary (Denstply Maillefer, Ballaigues, Switzerland). Reciproc blue R25 
instruments had significantly greater cyclic fatigue resistance than Waveone Gold 
and Reciproc R25 instruments. 
Amato et al. 201759 compare cyclic fatigue resistance of three modern Ni-Ti 
instruments used with continuous rotation. He concluded that the Hyflex EDM 
instruments have a fracture resistance slightly above than the twisted file and far 
higher than Revo s su. 
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Ozyurek et al. 201760 investigated the effect of different types of movement 
kinematics on the resistance of the Protaper D3 retreatment file to cyclic fatigue. 
Eighty Protaper Universal D3 (20/0.07) files were utilized in this study. The cyclic 
fatigue tests were done using a specially manufactured dynamic cyclic fatigue 
testing device, which has an artificial stainless steel canal having 60° of curvature 
angle and 5 mm of curvature radius. The files were divided into four groups (Group 
1 - Rotary Motion [RM]; Group 2 - Adaptive Motion [AM]; Group 3 - 
Reciprocating Motion [RCM]; Group 4 - Waveone Motion [WM]). The movements 
of files until the files separated were recorded in “MOV” format using a device 
employing a slow motion camera. The number of cycles to fracture was calculated 
for each group. The data were analyzed statistically using One‑way ANOVA and 
Tukey’s honestly significant difference test within the limitations of the present 
study, resistance of Protaper Universal D3 file to the cyclic fatigue significantly 
higher in the AM group when compared to the RCM and wm groups. 
Alcalde et al. 201761 evaluated the cyclic and torsional fatigue resistance of 
the following reciprocating single-file systems: Prodesign R 25.06 (Brazil), Reciproc 
R25 (VDW, Munich, Germany), and Unicone L25 (Czech Republic). Sixty 
instruments of the Prodesign R, Reciproc R25, and Unicone L25 systems (n = 20) 
were used. Cyclic fatigue resistance was tested measuring the time to fracture in an 
artificial stainless steel canal with a 60° angle and a 5-mm radius of curvature 
(n = 10). Torque and angle of rotation at failure of each new instruments (n = 10) in 
the 3 mm from the tip portion were measured during torsional testing according to 
ISO 3630-1. The fractured surface characteristics of each fragment was examined by 
scanning electron microscopy. Analysis of data was done using ANOVA and tukey 
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tests, and the level of significance was set at 5%. Prodesign R presented the maximum 
cyclic fatigue resistance and angular rotation to failure compared with Reciproc and 
Unicone. However, Reciproc showed higher torsional strength to failure. 
Aggarwal V et al. 201762 compared and evaluated the dynamic torsional 
resistance of nickel titanium instruments manufactured with different technologies 
protaper files showed significantly higher dynamic torsional resistance followed by 
Protaper Next (45.2), Hyflex CM (2.733) and least values were obtained for twisted 
file but there was no statistical difference between Hyflex CM and twisted file 
groups. SEM examination demonstrated a typical pattern of torsional fracture for all 
the groups characterized by circular abrasion marks and skewed dimples near the 
center of rotation. He concluded that Protaper files showed comparatively and 
significantly higher dynamic torsional resistance than all other file systems followed 
by Protaper Next, Hyflex CM and Twisted files. Hyflex CM and twisted files 
exhibited the similar dynamic resistance to torsion. 
Ozyurek et al. 201763 evaluate R‑endo R3 file’s resistance to cyclic fatigue 
in comparison with continuous rotation movement and “Adaptive Motion” (AM) 
movement under dynamic model. AM group had a significantly higher cyclic fatigue 
resistance compared with RM group (p<0.001). He concluded that within the 
limitation of the present study, it was found that “adaptive motion” increases the 
resistance to cyclic fatigue of R‑endo R3 files, manufactured for retreatment. 
Goo et al. 2017 64 compared the bending stiffness, cyclic fatigue, and 
torsional fracture resistances of heat-treated and conventional nickel titanium rotary 
instruments. CM-wire instruments showed higher residual angles than M-wire and 
conventional NiTi. CM-wire exhibited lower bending stiffness than M-wire and 
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conventional NiTi. Hyflex EDM had significantly higher fatigue resistance than M-
wire and conventional Niti. Hyflex EDM and V-taper2 exhibited higher torsional 
resistance than other files. SEM examinations showed typical features of cyclic 
fatigue and torsional fracture. 
Shenoi, et al. 201765 compared the canal transportation and canal centering 
ability in the preparation of curved root canals after instrumentation with V‑Taper 
2H, ProTaper Next (PTN), and Hyflex CM files using cone‑beam computed 
Tomography (CBCT). Data showed that V‑Taper 2H files presented the best 
outcomes for both the variables evaluated. V‑Taper 2H files caused minimal 
transportation and remained better centered in the canal than PN and Hyflex CM 
files. However, it was seen that PTN caused less transportation in apical level than 
Hyflex CM.  
Pedullà et al. 201866evaluated the resistance to cyclic fatigue of Protaper 
Next (PTN; Dentsply Sirona, Ballaigues, Switzerland), REVO‑S (Micro‑mega, 
Besancon, France), M two (Sweden & Martina, Padova, Italy), Twisted Files (TF, 
Sybronendo, Orange, CA, USA) and Endowave (J Morita Corporation, Osaka, 
Japan) used in continuous rotation or in reciprocation of optimum torque reverse 
motion (OTR). A total of 120 nickel‑titanium files were tested. Twenty‑four 
instruments for each brand were divided into two groups (n=12) on the basis of the 
motion tested: continuous rotation (group 1) or reciprocation of OTR motion (group 
2). resistance to cyclic fatigue was measured by recording time to fracture (TTF) in 
a stainless steel artificial canal with a 60° angle of curvature and 5 mm radius of 
curvature. The TTF data were analysed by using two‑way analysis of variance 
(ANOVA) and bon Ferroni's post hoc tests at 0.05 reciprocation of OTR motion 
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improved significantly cyclic fatigue resistance of all instruments tested compared 
with continuous rotation. M two and TF had significantly higher cyclic fatigue than 
the other instruments, in both continuous rotation and reciprocation of OTR motion 
Keskin et al. 2018 67compared the cyclic fatigue resistance of new and used 
Protaper Universal (PTU) and Protaper Next (PTN) rotary nickel‑titanium systems 
using artificial canals. For both rotary systems, the new instruments showed 
statistically increased cyclic fatigue resistance than the used instruments (p<0.05). 
The mean number of cycles to failure of PTN instruments was significantly higher 
than equivalent file sizes of PTU Instruments (p<0.05). He concluded that reduction 
in the cyclic fatigue resistance for PTN and PTU instruments was observed after 
clinical use when compared to new groups. 
Nabavizadeh et al. 2018 68 evaluated the cyclic fatigue resistance of two 
single file (Reciproc and Neoniti) engine-driven instruments in simulated root 
canals. He concluded that Neoniti instruments were associated with a significantly 
higher cyclic fatigue resistance than Reciproc instrument. 
Topcuoglu et al. 201869 compared the cyclic fatigue resistance of R-pilot 
and Waveone Gold Files in curved artificial canals with 45° and 60° angles of 
curvature. He concluded that Waveone gold glider files exhibited greater cyclic 
fatigue resistance than R-pilot files in artificial canals with a 60° angle of curvature. 
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Materials/Instruments/Equipments used in the study 
 Custom made cyclic fatigue device  
 Xsmart plus - (Dentsply Maillefer, Switzerland) 
 Stereomicroscope - Magnus MS 13/MS24, Olympus India Pvt Ltd, New Delhi, India. 
 FlexiCON files X1- Fire wire (Johnson city, Tennesse, USA ) 
 FlexiCON files X3 - Fire wire (Johnson city, Tennesse, USA ) 
 Glycerin (Bharat Pharmaceuticals, Chennai, India) 
 Stopwatch (Timex, Middlebury, CT, USA) 
Methodology 
 A total number of 36 files, 25mm length was used for the study and divided 
into two groups of 18 files each. In Group I, Flexicon X1 (Fire wire (Johnson city, 
Tennesse, USA) was used in reciprocating motion and in Group II, Flexicon X3, 
(Fire wire (Johnson city, Tennesse, USA) was used in continuous rotation. The 
reciprocating instruments and continuous rotation instruments has an ISO size 25 at 
the tip and a taper of 0.06. All files were checked free of defects or deformities, 
under a stereomicroscope (Magnus MS 13/MS24, Olympus India Pvt Ltd, New 
Delhi, India) at 20x magnification. 
Design of cyclic fatigue device 
 Cyclic fatigue testing was conducted in a custom-made device that allowed 
for a reproducible simulation of an instrument confined in a curved canal, similar to 
that described by Plotino et al. Cyclic fatigue testing of endodontic files was done 
on tempered steel which is mounted on a framework made of iron and wood to 
which support for handpiece is attached. 
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 Artificial canal dimensions:  
The artificial canal system is made of tempered steel. The canal system, 
which comprised two adjustable stainless steel blocks had a 60° angle of curvature 
and 3 mm width.  
Group I 
(FlexiCON X3 - rotary file) 
Ia: curvature at 3mm from  the apex 
Ib: curvature at 5mm from the apex 
Ic: curvature at 7mm from  the  apex 
Group II 
(FlexiCON X1 - reciprocating file) 
 
IIa: curvature at 3mm  from the apex 
IIb: curvature at 5mm from the  apex 
IIc: curvature at 7mm from the apex 
Cyclic Fatigue Testing 
 The instruments were activated using Xsmart Plus (Dentsply Maillefer, 
Switzerland) handpiece. The hand piece was attached with the testing device. All 
files were activated in the handpiece according to manufacturers recommendation. 
Canal should be lubricated using glycerin between each file to reduce friction. Using 
Xsmart plus motor, files were used in Rotation (Protaper Next program (300rpm 
speed, torque 3-3.5) and Reciprocative mode (Waveone program) (170CCW, 50 
CW), and time till fracture in seconds was recorded using a stopwatch (Timex, 
Middlebury, CT, USA) to evaluate cyclic fatigue resistance. 
The number of cycles to failure (NCF) for each instrument is calculated by 
multiplying the time to failure (in sec) by the number of rotations or cycles per 
second regardless of the rotational direction. 
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NCF = Rotation speed (rpm) X time (sec) 
Statistical analysis 
The data was expressed in mean and standard deviation. Statistical Package 
for Social Sciences (SPSS) (version 16.0) (SPSS Inc., Chicago, IL, USA) was used 
for analysis. ANOVA (Post hoc) followed by Dunnett’s test and unpaired t-test was 
applied to find the statistical significance between the groups. P value less than 0.05 
(P<0.05) was considered to be statistically significant at 95% confidence interval. 
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Table - 1 shows mean number of cycles to fracture values of Group I FlexiCON X3 
rotary file subgroups. Group Ia  demonstrates apical curvature, Ib middle curvature 
and I c coronal curvature. Group Ib (middle curvature ) showed maximum resistance 
to cyclic fatigue resistance of 1106.00±4.21sec, followed by Group I c (coronal 
curvature) with value of 920.00±1.16 sec and Group Ia (apical curvature) showed 
least resistance to cyclic fatigue resistance with value of 757.00±5.34 sec. 
Table - 2 shows mean number of cycles to fracture values of Group II FlexiCON X1 
reciprocating file subgroups. Group IIc (coronal curvature) showed maximum 
resistance to cyclic fatigue of 1936.50±1.09 sec followed by Group IIb (middle 
curvature) with value of  1514.50±1.07 sec and Group II a (apical curvature) showed 
least resistance to cyclic fatigue resistance with  value of 1487.50±6.75 sec. 
Table - 3 shows mean number of cycles to fracture between the groups. P value of 
0.001 is obtained between all the groups which shows that Group Ia is significant 
with Group IIa, Group Ib is significant with Group II b and Group Ic is significant 
with Group II c. 
Table - 4 shows mean number of cycles to fracture within Group I FlexiCON X3 
rotary file group. P value of 0.001 shows Group Ia is significant with Group I b and 
Ic, also Group Ib is significant with Group Ic 
Table - 5 shows mean number of cycles to fracture within Group II FlexiCON X1 
reciprocating file group. P value of 0.001 shows Group IIa is significant with Group 
II b and II c, also Group II b is significant with Group IIc. 
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Table - 6 shows comparison of mean number of cycles to fracture of Group Ia with 
other groups. Group Ib shows P value of 0.001 which is statistically significant with 
Group Ia. Group Ic shows P value of 0.001 which is statistically significant with 
Group Ia. Group IIa shows P value of 0.001 which is statistically significant with 
Group Ia. Group IIb shows P value of 0.001 which is statistically significant with 
Group Ia. Group IIc shows P value of 0.001 which is statistically significant with 
Group Ia. 
Table - 7 shows comparison of mean number of cycles to fracture of Group Ib with 
other groups. Group Ia shows P value of 0.001 which is statistically significant with 
Group Ib. Group Ic shows P value of 0.001 which is statistically significant with 
Group Ib. Group IIa shows P value of 0.001 which is statistically significant with 
Group Ib. Group IIb shows P value of 0.001 which is statistically significant with 
Group Ib. Group IIc shows P value of 0.001 which is statistically significant with 
Group Ib. 
Table - 8 shows comparison of mean number of cycles to fracture of Group Ic with 
other groups. Group I a shows P value of 0.001 which is statistically significant with 
Group Ic. Group Ib shows P value of 0.001 which is statistically significant with 
Group Ic. Group IIa shows P value of 0.001 which is statistically significant with 
Group Ic. Group IIb shows P value of 0.001 which is statistically significant with 
Group Ic. . Group IIc  shows P value of 0.001 which is statistically significant with 
Group Ic. 
Table – 9 shows comparison of mean number of cycles to fracture of Group IIa with 
other groups. Group Ia shows P value of 0.001 which is statistically significant with 
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Group IIa. Group Ib shows P value of 0.001 which is statistically significant with 
Group IIa. Group Ic shows P value of 0.001 which is statistically significant with 
Group IIa. Group IIb shows P value of 0.001 which is statistically significant with 
Group II a. Group IIc shows P value of 0.001 which is statistically significant with 
Group IIa. 
Table - 10 shows comparison of mean number of cycles to fracture values of Group-
IIb with other groups. Group Ia shows P value of 0.001 which is statistically 
significant with Group IIb. Group Ib shows P value of 0.001 which is statistically 
significant with Group IIb. Group Ic shows P value of 0.001 which is statistically 
significant with Group IIb. Group IIa shows P value of 0.001 which is statistically 
significant with Group IIb. Group IIc shows P value of 0.001 which is statistically 
significant with Group IIb. 
Table - 11 shows comparison of mean number of cycles to fracture values of Group-
IIc with other groups. Group Ia shows P value of 0.001 which is statistically 
significant with Group IIc. Group Ib shows P value of 0.001 which is statistically 
significant with Group IIc. Group Ic shows P value of 0.001 which is statistically 
significant with Group IIc. Group IIa shows P value of 0.001 which is statistically 
significant with Group IIc. Group IIb shows P value of 0.001 which is statistically 
significant with Group IIc. 
Table - 12 shows multiple comparison of mean number of cycles to fracture values 
of between the groups. Group IIc showed better resistance to cyclic fatigue when 
compared to all other groups. Group II b showed better cyclic fatigue resistance 
when compared to Groups II a, Ic, Ib and Ia . Group IIa showed better cyclic fatigue 
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resistance when compared to Group Ia , Ib and Ic. Group I b showed better cyclic 
fatigue resistance when compared to Group Ic and Ia. Group Ic showed better cyclic 
fatigue resistance when compared to group I a. P<0.05 significant when Group-Ia is 
compared with other groups, P<0.05 significant when Group-I b compared with 
other groups, P<0.05 significant when Group-Ic compared with other groups, 
P<0.05 significant when Group-IIa compared with other groups, P<0.05 significant 
when Group-IIb compared with other groups. 
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Statistical analysis:The data was expressed in mean and standard 
deviation. Statistical Package for Social Sciences (SPSS)(version 16.0) (SPSS 
Inc., Chicago ,IL,USA) was used for analysis. ANOVA (Post hoc) followed 
by Dunnett’s test and unpaired t-test was applied to find the statistical 
significance between the groups. P value less than 0.05 (P<0.05) was 
considered to be statistically significant at 95% confidence interval. 
 
Table-1: Mean number of cycles to fracture values of group-I subgroups  
Groups File system Number of cycles to fracture 
(MEAN±SD) 
Ia  
FlexiCON X3 
757.00±5.34 
Ib 1106.00±4.21 
Ic 920.00±1.16 
 
Table-2: Mean number of cycles to fracture values of group-II subgroups 
Groups File system 
Number of cycles to fracture 
(MEAN±SD) 
IIa  
FlexiCON X1 
1487.50±6.75 
IIb 1514.50±1.07 
IIc 1936.50±1.09 
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Table-3: Comparison of mean number of cycles to fracture values of between 
the groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
P value 
Ia 757.00±5.34 
0.001 
IIa 1487.50±6.75* 
Ib 1106.00±4.21 
0.001 
IIb 1514.50±1.07 
Ic 920.00±1.16 
0.001 
IIc 1936.50±1.09 
(*P<0.01 significant compared Group-Ia with Group-Ib, #P<0.01 significant 
compared Group-Ib with Group-IIb, $ P<0.01 significant compared Group-Ic with 
Group-IIc) 
 
Table-4: Comparison of mean number of cycles to fracture values within 
group-I 
Group-I 
Number of cycles to fracture 
(MEAN±SD) 
P value 
Ia 757.00±5.34 
0.001 Ib 1106.00±4.21* 
Ic 920.00±1.16*,$ 
(*P<0.01 significant compared Group-Ia with Group-Ib, Ic, #P<0.01 significant 
compared Group-Ib with Group-Ic) 
 
 
 
Tables 
 
 x 
 
Table-5: Comparison of mean number of cycles to fracture values within 
group-II 
Groups 
Number of cycles to 
fracture (MEAN±SD) 
P value 
IIa 1487.50±6.75 
0.001 IIb 1514.50±1.07* 
IIc 1936.50±1.09*,# 
(*P<0.01 significant compared Group-IIa with Group-IIb, IIc,#p<0.01 significant 
compared Group-IIb with Group-IIc) 
 
Table-6: Comparison of mean number of cycles to fracture values of Group-Ia 
with other groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
Pvalue 
Ia 757.00±5.34 0.001 
Ib 1106.00±4.21* 0.001 
Ic 920.00±1.16* 0.001 
IIa 1487.50±6.75* 0.001 
IIb 1514.50±1.07* 0.001 
IIc 1936.50±1.09* 0.001 
(*P<0.05 significant compared Group-Ia with other groups) 
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Table-7: Comparison of mean number of cycles to fracture values of Group-Ib 
with other groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
P value 
Ia 757.00±5.34* 0.001 
Ib 1106.00±4.21 0.001 
Ic 920.00±1.16* 0.001 
IIa 1487.50±6.75* 0.001 
IIb 1514.50±1.07* 0.001 
IIc 1936.50±1.09* 0.001 
(*P<0.05 significant compared Group-Ib with other groups) 
 
Table-8: Comparison of mean number of cycles to fracture values of Group-Ic 
with other groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
p value 
Ia 757.00±5.34* 0.001 
Ib 1106.00±4.21* 0.001 
Ic 920.00±1.16 0.001 
IIa 1487.50±6.75* 0.001 
IIb 1514.50±1.07* 0.001 
IIc 1936.50±1.09* 0.001 
(*P<0.05 significant compared Group-Ic with other groups) 
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Table-9: Comparison of mean number of cycles to fracture values of Group-
IIawith other groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
P value 
Ia 757.00±5.34* 0.001 
Ib 1106.00±4.21* 0.001 
Ic 920.00±1.16* 0.001 
IIa 1487.50±6.75 0.001 
IIb 1514.50±1.07* 0.001 
IIc 1936.50±1.09* 0.001 
(*P<0.05 significant compared Group-IIa with other groups) 
 
Table-10: Comparison of mean number of cycles to fracture values of Group-IIb 
with other groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
P value 
Ia 757.00±5.34* 0.001 
Ib 1106.00±4.21* 0.001 
Ic 920.00±1.16* 0.001 
IIa 1487.50±6.75* 0.001 
IIb 1514.50±1.07 0.001 
IIc 1936.50±1.09* 0.001 
(*P<0.05 significant compared Group-IIb with other groups) 
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Table-11: Comparison of mean number of cycles to fracture values of Group-
IIc with other groups 
Groups 
Number of cycles to fracture 
(MEAN±SD) 
Pvalue 
Ia 757.00±5.34* 0.001 
Ib 1106.00±4.21* 0.001 
Ic 920.00±1.16* 0.001 
IIa 1487.50±6.75* 0.001 
IIb 1514.50±1.07* 0.001 
IIc 1936.50±1.09 0.001 
(*P<0.05 significant compared Group-IIc with other groups) 
 
Table-12: Multiple comparison of mean number of cycles to fracture values of 
between the groups  
Groups 
Number of cycles to fracture 
(MEAN±SD) 
P value 
Ia 757.00±5.34 
0.001 
Ib 1106.00±4.21* 
Ic 920.00±1.16*,# 
IIa 1487.50±6.75*,#,$ 
IIb 1514.50±1.07*,#,$,ǁ 
IIc 1936.50±1.09*,#,$,ǁ,¶ 
(*P<0.05 significant compared Group-Ia with other groups, #P<0.05 significant 
compared Group-Ib with other groups, $P<0.05 significant compared Group-Ic with 
other groups,ǁP<0.05 significant compared Group-IIa with other groups, ¶P<0.05 
significant compared Group-IIb with other groups) 
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The aim of this study was to evaluate the cyclic fatigue resistance of 
endodontic files in rotating versus reciprocating motion at coronal, middle and 
apical curvature in an artificial canal. The result obtained was in accordance with the 
hypothesis that the files in reciprocating motion showed better cyclic fatigue 
resistance when compared to rotational motion. 
With the introduction of endodontic instruments manufactured from NiTi, 
shape memory has created a revolutionary impact on root canal treatment. In 1988, 
Walia and his colleagues introduced NiTi files to endodontics. Civjan et al. 
suggested the use of NiTi alloy for the manufacture of hand and rotary instruments. 
Rotary NiTi instruments can clean and shape the root canal with minimal procedural 
errors. However these instruments are prone to separation without warning and 
flexural fatigue with two modes of fracture was identified.70 
Traditional stainless steel instruments were found to produce procedural 
errors. The introduction of instruments made of nickel-titanium has permitted the 
development of rotary instrumentation because nickel- titanium is two to three times 
more flexible than stainless steel and considerably more resistant to clockwise 
torsional stress. The advantage of nickel titanium instruments is that they permit 
canal preparation with less transportation and ledging. Literature review shows that 
engine-driven Ni-Ti instruments requires less chair time as compared to stainless 
steel files to prepare the canal.71 
Conventional NiTi alloys are in austenite phase at body/room temperatures. 
Activation of a austenitic NiTi produces an elastic deformation that follows a linear 
stress/strain function. If stress induced deformation increases, the superelastic 
deformation appears, whereas strain remains constant. This is known as loading 
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plateau. This superelastic behavior is a direct consequence of the martensitic 
transformation which occurs at the crystallographic level. Conventional NiTi 
instruments include M two, One Shape, ProFile, ProTaper Universal.72 
The R-phase is an intermediate phase, a rhombohedral distortion of the cubic 
austenitic phase, with one of the four directions of the cubic Austenite stretched. The 
Austenite to R-Phase transformation is martensitic and is easily reversed by heating. 
This transformation is thermoelastic and has all the typical characteristics of a shape 
memory alloy, including shape memory and superelasticity. The examples of R-
Phase wires are Twisted File, Twisted File Adaptive, K3XF.72 
 
Transformation of austenitic to R-Phase (Rhombohedral distortion).73 
 
The current trend towards developing new rotary endodontic instruments 
with improved mechanical properties of NiTi alloy is influenced by stress induced 
phase transformation and microstructural changes taking place in this alloy .The new 
endodontic file is made of Ni and Ti atoms arranged in body centered cubic lattice 
structure called austenite phase. When a file is placed in curved canal atoms 
rearrange into closely packed hexagonal array and alloy is transformed into flexible 
martensite crystal structure, this molecular transition enables the file to curve easily 
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in the curvature without permanent deformation. When stress is relieved, the alloys 
return back into initial austenite form. The stress induced martensite transformation 
is a unique feature of NiTi alloy making it convenient for use in rotary endodontic 
instrumentation.70 
. 
Hysteresis of austenitic (parent) phase to martensitic (daughter) phase transformation.74 
 
FlexiCON (Johnson city, Tennesse, USA) is made of annealed heat treated 
Nickel titanium alloy with Fire wire technology. According to the manufacturer, 
FlexiCON files shows incredible flexibility and strong enough to resist forces on 
torsion. It is a revolutionary heat treated Fire Wire NiTi yielding performance 
enhancing durability. FlexiCON produces 3 different rotary file systems X3, X5 and 
X7 and one reciprocating file system X1. X3 files are compatible with endomotor 
settings of Protaper and Protaper Next rotary file systems. X5 is compatible with 
HERO Shaper rotary file systems. X7 files are compatible with Hyflex, K3XF, TF, 
M two. The only reciprocating system in FlexiCON series X1 is compatible with the 
settings of Waveone reciprocating system.15 
Stereomicroscopic evaluation showed that FlexiCON X3 rotary and X1 
reciprocating files demonstrated a parabolic cross section. Research studies on 
Discussion 
 
   40 
 
Variable Taper (VT) rotary files demonstrate that VT files feature a parabolic cross-
section design that combines high efficiency and flexibility while being safe and 
resistant to fracture. The V Taper 2H Rotary NiTi File System (VT) (SS White 
Dental, New Jersey) creates deep apical shape with a conservative coronal 
preparation preserving coronal dentin.65 
Rotary instrumentation has the ability to collect and remove debris from the 
canal system in coronal direction, it also provides greater taper in canal preparation. 
Mechanical rotary movement provides a 360º engagement of file tip in canal for 
better control of maintaining the central axis of the canal thereby minimizing the 
chances of perforation or ledge formation. Conventional NiTi alloy when subjected 
to rotary motion leading to structural fatigue of file and microcrack formation within 
dentin are the limitations of the rotary file. In 1928, combination of axial and 
rotational reciprocation was introduced, followed by axial reciprocation in 1958 and 
rotational reciprocation in 1964. In 1985 Roane et al introduced balanced force 
technique using rotation and reciprocation for preparation in curved root canals. 
Advantage of reciprocating movement over rotational movement is that there is less 
frequent binding of file to root canal dentin wall thereby minimizing the torsional 
stress and risk of instrument separation.75 
Canal curvature was defined using Schnider method which was introduced in 
1971. In this method, determine the degree of curvature, two straight lines were 
considered, one parallel to long axis of root canal and second line passes through the 
apical foramen upto intersection with the first line .The angle formed by these two 
lines describes the angle of curvature.76 Cyclic fatigue studies used 30º, 45º, 60º and 
90º, demonstrating higher the angle of curvature less is the cyclic fatigue resistance.77 
  
 
The degree of root canal curvature was obtained using the method described by 
Schneider for determining canal curvature using only one parameter to define 
the angle. A has an angle of 43 and B has an a
angles measured according
Location of the curve along the canal will also change the measured angle.
The diameter of instrument is also a factor affecting cyclic fatigue resistance 
of endodontic files. As diameter increases,
its binding within the canal and stress on the instrument. Smaller diameter 
instrument can rotate around canal curvature without fatigue failure and has inverse 
relationship with square of file radius. Diameter of t
size as well as taper of the instrument. The diameter of the simulated canal should be 
larger than the instruments to allow free rotation in the canal.
Flexural fatigue occurs mainly in curved canals due to cyclic fatigue 
experienced by files. Simultaneous loading and unloading of Ni
instrumentation causes 
of instrument when it goes beyond the unrecoverable plastic deformation.
 
ngle of 52, even though both 
 to the method of Pruett et al. equalled 60 degrees. 
 
 it becomes less flexible which increases 
he instrument is related to tip 
5 
repetitive phase transformation leading to torsional fracture 
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77 
Ti files during 
70 
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The design requirements, testing procedures, and physical properties for 
endodontic instruments was specified according to American Dental Association 
(ADA) Specification No. 28 in a static model. Instruments were fixed at the tip and 
were twisted until failure to determine instrument resistance to fracture under 
torsional loading. ADA Specification No. 28 is an inappropriate test of the dynamic 
characteristics of engine-driven rotary instruments. All Ni-Ti, engine-driven rotary 
systems require that the instrument be activated at a predetermined rpm before 
insertion into the canal. Therefore, to test rotary instruments, the tip should rotate 
freely and should not be statically locked. Because ADA Specification No. 28 does 
not consider canal geometry, and also, it does not consider fatigue and breakage of 
rotary instruments operated in flexed conditions while preparing curved canals. The 
phenomenon of repeated cyclic metal fatigue caused by canal curvatures may be one 
of the most important factor in instrument separation. Ni-Ti instruments exhibits a 
superelastic behavior and will remain within their elastic limit in situations that 
would cause permanent plastic deformation in stainless-steel instruments.  Cyclic 
fatigue leading to fracture and separation can occur below the elastic limit of the 
instrument without permanent deformation through mechanisms known as slip 
bands. Such fatigue mechanisms occur microscopically which are not visible to the 
naked eye. Cyclic fatigue occurs by repeated tensile-compressive stress. Rotation 
subjects an endodontic instrument to both tensile and compressive stress in the area 
of the curvature. Instruments placed in curved canals deform, leading to stress 
within the instrument. Half of the instrument shaft on outside the curvature is in 
tension, and that half of the instrument shaft on the inside of the curve is in 
compression. Each rotation within a curved canal makes the instrument to undergo 
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one complete tension-compression stress cycle. This is the reason for cyclic fatigue 
of endodontic files. Stress levels during cyclic loading are dependent on the actual 
shape of the curvature and the applied loads. This stress is maximum in the area of 
curvature. More severe bends creates greater stress on the instrument; and larger, 
stiffer instruments will experience greater stress than smaller instruments when 
confined to the same curvature.78 
In vitro studies examining cyclic fatigue resistance of NiTi endodontic files 
were carried out in static or dynamic model. According to Yao et al. the use of 
standardized artificial canals minimize the influence of other variables .The 
objective of using artificial canal is to minimize the anatomic variation arising on 
natural teeth and to ensure a level of standardisation for the study57 
A static model is used in this study as the instrument does not move axially 
which would create alternate compressive and tensile stress in particular area of 
instrument leading to premature failure. The dynamic model incorporates cyclic 
axial movement which provides a better clinical stimulation and extends lifespan of 
rotary files. The drawback of the dynamic model is that instrument tested are not 
constrained in precise trajectory. The indispensible factor to be pointed out is that 
inner diameter of artificial canal should be larger than endodontic file.11, 32 
Glycerine was used as lubricant throughout the procedure to allow the 
instrument to rotate freely in canal without any friction and resistance during cyclic 
fatigue test. 
In this in vitro study, a total number of 36 files 25mm long with ISO size 25 
at tip and 6% taper was used in reciprocating and continuous rotary motion. Group 1 
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consist of FlexiCON X3 rotary file system and Group II consists of FlexiCON X1 
reciprocating file system. Cyclic fatigue testing was done on a static custom made 
device as described by Plotino et al. A stainless steel artificial canal with 60º angle 
of curvature and 3mm width with curvature starting at 3 levels of 3mm, 5mm, and 
7mm representing apical, middle and coronal curvature respectively. This artificial 
canal was attached to a framework made of iron and wood to which support for 
handpiece was attached. The handpiece was standardised to rotate the files at speed 
of 300 rpm and 3 N/cm torque. This design allows for precise and simple placement 
of each instrument within the canal, and ensures three dimensional alignment and 
positioning to same depth. Hence the instrument rotates freely in canal .28 
Fatigue life of file was evaluated by time till fracture in seconds. The Number 
of cycles of fracture (NCF) of each instrument in different curvature was obtained by 
multiplying time to failure (in seconds) by number of rotation per second. 
Data entry was done in Microsoft Excel. The values obtained were tabulated 
and statistically analysed using Computer Software SPSS (16.0) version. The data 
was expressed in mean and standard deviation .One way analysis variance 
(ANOVA) followed by Dunnett’s test and unpaired t-test was applied to find 
statistical significance between the groups. In this study, between the groups, Group 
II reciprocating file FlexiCON X1 showed better cyclic fatigue resistance when 
compared to Group I rotary file FlexiCON X3. Within the subgroups, In 
reciprocating motion Group IIc and IIb (coronal and middle curvature) showed 
better cyclic fatigue resistance when compared to Group IIa (apical curvature). 
Mean number of cycles to fracture for group II FlexiCON X1 reciprocating files at 
apical curvature (group IIa) was 1487.50±6.75,middle curvature(group II b) was 
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1517.50±1.07 and coronal curvature (Group IIc) was 1936.50±1.09. In rotary 
motion, Group Ib (middle curvature) showed maximum resistance to cyclic fatigue 
resistance of 1106.00±4.21sec, followed by Group Ic (coronal curvature) with value 
of 920.00±1.16 sec and Group Ia (apical curvature) showed least resistance to cyclic 
fatigue resistance with value of 757.00±5.34 sec with P value less than 0.05 was 
considered significant at 95% confidence interval.   
FlexiCON X1(group II) (1936.50±1.09 sec) showed better cyclic fatigue 
resistance when compared to other groups. Reciprocating movement NiTi 
instruments have been developed with an advantage of increasing performance and 
safety. Reciprocating motion can provide several possibilities for movements and 
angles, each of which may influence performance and failure resistance. A single 
NiTi instrument can be used to prepare the entire root canal system, due to lower 
stress induced by reciprocating motion.7 According to You et al., and Neelakantan et 
al; kinematics of instrument is one of the important factor influencing cyclic fatigue 
resistance of NiTi instruments. Cyclic fatigue and torsional fatigue was reduced in 
reciprocating motion when compared to rotary motion. Reciprocating motion 
prevents taper lock phenomenon by unsymmetrical repeating of clockwise (50 CW) 
and counter clockwise (170 CCW) rotation. This movement is modification of 
balanced force technique of canal preparation which enables the preparation of root 
canals with one single instrument.1, 21 
Castello-Escriv et al. examined the fatigue resistance of size 25, 0.08 taper 
rotary files (ProTaper F2, and Twisted Files) and reciprocating WaveOne 
instruments under different movement kinematics. The instruments were rotated 
according to the manufacturers’ recommendations, using an electric handpiece, in 
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four curved stainless steel canals with different angles and radii of curvature (60° 
angle and 8 mm radius, 45° angle and 8 mm radius, 60° angle and 5 mm radius, and 
45° angle and 5 mm radius) constructed in a static testing device. The study found 
that the reciprocating motion used for the WaveOne files extended the cyclic fatigue 
life, compared to the conventional rotary movement used for the Twisted File and 
ProTaper ﬁles79 
Kim et al. compared the rotary files ProTaper F2 (Dentsply Maillefer, 
Ballaigues, Switzerland) in its recommended continuous rotation mode with the 
reciprocating (Reciproc (VDW, Munich, Germany) and WaveOne (Dentsply 
Maillefer, Ballaigues, Switzerland)) files, which were also operated using the 
recommended motions, both tested under a custom-made static device. The results 
showed that the NCF (number of cycles to fracture) of the Reciproc was higher than 
those of the other files, and both reciprocating files demonstrated significantly 
higher cyclic fatigue resistance than the ProTaper F2 ﬁle.26 
Chakmakchi M et al. evaluated the flexural fatigue resistance of 
reciprocating file WaveOne Primary and rotary  Protaper NEXT X2 (Dentsply 
Maillefer, Ballaigues, Switzerland) NiTi files used in reciprocating and rotation 
motions. The reciprocal motions showed significantly increased cyclic fatigue 
resistance of the file tested compared with continuous rotation independently from 
their cross section.10 
Group IIb showed cyclic fatigue resistance of 1514±1.07 at middle curvature. 
The diameter of the instrument at the point of maximum curvature influences the 
fatigue life of endodontic file.  Number of cycles to failure reduced, as the diameter of 
the instrument increased towards the middle third of endodontic file.20 
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Group IIa (apical curvature) showed least resistance to cyclic fatigue 
resistance within the reciprocating group with value of 1487.50 ±6.75sec. Fatigue 
accumulates very quickly in NiTi instruments, and consequently, separation might 
occur within a very short time of use inside the apical curvature.80 
Within the rotary group, Group Ib showed improved cyclic fatigue resistance 
at middle curvature with value of 1106.00 ± 4.21 sec, and at coronal curvature 
Group Ic showed cyclic fatigue resistance of 920.00±1.16 sec. According to 
literature ,coronal curvature were more challenging when attempting to instrument 
the root apex using larger taper and size files.5 With introduction of Annealed heat 
treated files with fire wire technology, coronal middle root canal curvature could 
withstand cyclic fatigue resistance. A study by Lopes et al., the NCF for M two 
(Sweden & Martina, Padova, Italy) instruments under rotating bending conditions 
within artificial canals increased with the shift in curvature from middle to apical 
canal position.22 
A study by Uygmann et al. showed heat treated rotary files Protaper gold 
instruments were more resistant at 5mm and 8mm from tip. However at 8 mm there 
were no difference between Protaper Gold (PTG Dentsply Tulsa Dental Specialities, 
Tulsa, OK, USA) and Protaper Next (PTN) instruments. Protaper Universal (PTU) 
had lowest cyclic fatigue resistance at all levels. The reason for difference in cyclic 
fatigue resistance is the transformation behaviour of NiTi alloy by thermo 
mechanical heat treatment and difference in cross sectional design.40 
Within the rotary Group Ia (apical curvature) showed least resistance to 
cyclic fatigue resistance with value of 757.00±5.34. Fatigue accumulates very 
quickly in NiTi instruments, and consequently, separation might occur within 
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limited period of use inside the apical curvature. As radius of curvature decreases 
towards apical curvature, cyclic fatigue resistance also reduces. Earlier austenite 
alloy resist fracture at apical third, but with the introduction of heat treated Nickel 
Titanium alloy, they withstand fatigue fracture at coronal curvature and get easily 
separated at apical curvature. 
Al-Sudani et al. compared the cyclic fatigue resistance of rotary files ProFile 
and Vortex instruments at coronal and the apical portions of the double curvature.  
Results suggested that instruments were less resistant to cyclic fatigue in the apical 
portion of the canal compared with the coronal portion. The instrument always 
fractured first in the second apical curvature. A possible reason was that in the 
experimental model curvature at the apical portion was more abrupt, with a radius of 
only 2 mm, whereas the coronal curvature had a 5-mm radius.80 
The superior performance of heat treated alloy at coronal curvature might be 
due to the effect of annealing, internal stress relaxation, smaller grain size and 
presence of martensite phase. Heat treatment of Nickel titanium alloy results in better 
alignment of crystal structure leading to improved flexibility and fatigue resistance. 
The inferior performance of heat treated Nickel Titanium alloy at apical curvature 
occurs because of the mechanical properties which includes the flexibility of 
instrument that is affected by the change in phase transformation temperature 
(Austenite finishing temperature) during the heat treatment of Nickel titanium alloy. 
Hence lower the phase transformation temperature, less flexible is the instrument at 
the apical third region when compared to coronal curvature and therefore more prone 
to fatigue fracture at apical curvature when compared to coronal curvature.81 The 
improved cyclic fatigue resistance of FlexiCON X1 reciprocating files at coronal 
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curvature might be because of transformation behaviour of conventional NiTi alloy to 
thermomechanical annealed heat treated alloy and cross sectional design.  
Fatigue failure occurs especially in presence of high stress amplitude or 
surface defects. In order to enhance resistance to cyclic fatigue various methods 
have been identified. Gavini et al. demonstrated the nitrogen ion implantation 
method for improving cyclic fatigue resistance in NiTi rotary instruments. Rapisarda 
et al. in his studies shows that ionic implantation demonstrated difference in surface 
characteristics, increased cutting efficiency and improved wear resistance. Aun DP 
et al. suggested a route to coat endodontic files with layer of titanium oxide via dip 
coating sol-gel technique. This method has shown to improve cutting efficiency and 
better performance in fatigue life. According to Kim et al. cryogenically treated 
instruments has significantly higher micro hardness. George et al. showed that 
cryogenic treatment improved cyclic fatigue resistance of NiTi rotary files. Lopes et 
al. demonstrated that electropolished endodontic instruments showed increased 
cyclic fatigue resistance and exhibited fine surface cracks with a zigzag pattern, 
while non electropolished files had cracks running along machined grooves. 
Electropolishing improves cyclic fatigue and peak torque values for Nickel Titanium 
instruments, but it may vary if the instruments placed under significant flexion.70 
To prevent or reduce torsional stress on the file during canal preparation 
procedure, preflaring and crown down preparation have been suggested. This not 
only reduces torsional stress but also shifts area of stress from tip to body of file 
thereby decreasing the torsional stress.21 Ulmann and Peters reported that larger 
instruments when distorted by cyclic fatigue, should be used with great caution or 
discarded.82 
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The limitation of the study is that the study is done on a simulated root canal 
of stainless steel and hence the exact clinical scenario cannot be expected due to 
several challenges in root morphology of natural tooth. The frictional resistance to 
the file from a simulated curved stainless steel canal may be different from the 
frictional resistance from a natural curved root canal. 
The development of heat treated endodontic rotary and reciprocating files 
have revolutionized the modern endodontics facilitating excellent biomechanical 
preparation with reduced chances of cyclic fatigue and separation of endodontic files 
which was a challenge faced by endodontists in instrumentation of curved  and 
narrow canals. 
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Endodontic management of narrow, curved canals is a challenge among 
endodontist. The torsional and flexural properties of nickel-titanium alloys, coupled 
with appropriate design of the cutting blades, make it feasible to use nickel-titanium 
instruments with a hand piece in a rotational motion. This facilitates the 
biomechanical preparation in curved canals, and Nickel titanium rotary instruments 
have shown results with little or no canal transportation. At the point of maximum 
curvature, the instrument flexes until separation occurs. 
Clinically, this mode of failure is generally believed to be an important factor 
in the fracture of nickel-titanium rotary instruments. Coronal curvatures is a 
challenge among endodontist, and could be managed, by the introduction of thermo 
mechanically heat treated endodontic files. Cyclic fatigue resistance of Nickel 
titanium rotary instruments is determined by cross-sectional design, surface texture 
and thermo mechanical processing during  manufacturing . 
In this study, cyclic fatigue resistance of FlexiCON files is examined in the 
apical middle and coronal curvatures in rotating and reciprocating motion. In order 
to standardise the study, it was done on a artificial stainless steel canal with 
glycerine as lubricant. Time till fracture was recorded in seconds to evaluate cyclic 
fatigue resistance. The number of cycles to failure (NCF) for each instrument is 
calculated by multiplying the time to failure (in sec) by the number of rotations or 
cycles per second regardless of the rotational direction 
Among the groups FlexiCON X1 reciprocating files showed better cyclic 
fatigue resistance than FlexiCON X3 rotary files. FlexiCON X1 reciprocating files 
showed maximum cyclic fatigue resistance at coronal curvature followed by middle 
and apical curvature while FlexiCON X3 rotary files showed maximum cyclic 
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fatigue at middle curvature followed by coronal and apical curvature. 
Stereomicroscopic analysis of FlexiCON files revealed a parabolic cross section that 
combines high efficiency and flexibility while being safe and resistant to fracture in 
curved canals. 
Within the limitations of this study it can be concluded that  FlexiCON X1 
reciprocating files showed better cyclic fatigue resistance  at coronal, middle and 
apical curvature compared to FlexiCON X3 rotary files which may be because of 
transformation behaviour of conventional NiTi alloy to thermomechanical annealed 
heat treated alloy and  a parabolic cross sectional design. 
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Fig. 1 FlexiCON X3 
 
 
 
Fig. 2  FlexiCON X1 
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Fig. 3  X Smart Plus 
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Fig. 4  Stereomicroscope 
 
 
Fig. 5 Custom made Static Model 
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Fig. 6 Assembly for Simulated Artificial Canal 
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Fig 11: Comparison of mean number of cycles to fracture values of between the 
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Fig 12: Comparison of mean number of cycles to fracture values within group
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Fig 13: Comparison of mean number of cycles to fracture values within 
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Fig 15: Comparison of mean number of cycles to fracture values of Group
with other groups 
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